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A SUMMARY OF THE GEOLOGY OF EASTERN MASSACHUSETTS

I. INTRODUCTION

The Corps of Engineers, along with other State and Federal agencies,
has conducted broad-based studies of wastewater in eastern Massachusetts,
A mejor portion of this study dealt with the feasibility and planning
procedures for different methods of wastewater treatment and renovation
in accordance with the goals expressed in Public Law 92-500. One of the
alternatives studied was that of wastewater treatment by the method of
land application. In this alternative, wastewater is applied to the
ground and is treated as it flows on or through the soil and underlying
rock materisl.

Knowledge of the geology of an area is of prime concern to any
planning effort for land application of wastewater, The effectiveness
of land treatment and the impact of the applied wastewater on the land,
groundwater, ard nearby streams and other surface bodies cannot be
adequately addressed unless the surficial, groundwater and general
bedrock geology of an area are known., To this end, the geology of eastern
Massachusetts was compiled from existing sources and was displayed in
both narrative and map form, The entire wastewater management study
was divided into two parts based on geographic delineation., Ome study
dealt with the Merrimack Vslley in Massachusetts, the other with the
rest of the State of Massachusetts east of approximately the 712, 52*, 30"
W longitude. The compilation of the geology of the Merrimack Valley in
Massachusetts was prepared by Goldberg-Zoino and Associatee, Inc, under
the direction of Mr. John Ayres. The geology of the rest of the study
area was compiled by Whitman and Howard, Inc., under the supervision of
Mr. Steven Dean., The two efforts were coordinated by the senior author
of this report, rranklin W, Fessenden of Bentley College and the Corps of
Engineers.

The full description of the geologic investigations can be found
in the main reports on each of the two study areas. The Merrimack Study
is in Appendix I-A (Geologic - Hydrogeologic Investigations) of Volume 3,
"Merrimack Wastewater Management, Key to a Clean River." The Eastern
Massachusetts geology study is printed as an Addendum to the Boston
Harbor -- Eastern Massachusetts Metropolitan Area Wastewater Study.
Both of these reports were published ty and are on file at the Corps of
Engineers, New England Division,

This report is a summary of the two major geologic studies and is
intended for those who wish a set of geologic maps of the Eastern Massa-
chusetts area along with a list of source materials and references
compiled in one volume. It should be emphasized that the material
prezented in this report is a compilation of available geologic knowledge
existing prior to late 1973 and does not include original research.




II. LOCATION

The area discussed in this report is tha® portion of the Commonwealth
of Massachusetts east of longitude 71°, 52', 30", The study area has been
subdivided into two regions, the Merrimack River Basin in Massachusetts
and the remaining part of the eastern half of the State ocutside of the
Merrimack Basin. Figure 1 is a location map of the entire study area
with tke» subdivision outlined.

II1. SUMMARY OF THE GEOLOGY CF THE STUDY AREA

A, Bedrock Geo%ggx

The bedrock of the study area consists of igneous, sedimentary
and metamorphic rocks mantled discontinucusly by unconsolidated deposits.
The ages of the bedrock range from pre-Carmbrian to late Paleozcic with
some minor volcanics of Triassic age also being mapped, The predominate
igneous rocks are granite and granodiorite. Other igneous rocks mapped
are syenites, volcanics and gabbrodiorities. Outcrops of sedimentary
and metasedimentary rocks of chiefly confined to the eastern and south.-:
eastern parts of the study area in the Boston and Nerragansett basins.
Slates, argillites and conglomerates as well as some sandstones are
mapped., Metamorphic rocks exhibiting both foliated (phyllites, schists,
and genisses) and non-foliated (quartzites) texture are abundant and
outcrop in all parts of the study area,

B, Surficial Geology

1. General

Nearly all of the bedrock units of the study area are of Paleozoic
age or older, The exceptions are a few diabase dikes of reported Triassic
age, A long period of erosion followed the emplacement of the bedrock,
During this interval, the rock was weathered and worn away and streams
and rivers incised valleys in the bedrock floor.

Downcutting by these streams was interrupted by the advance
and retreat of glacial ice sheets during the Pleistocene epoch. Much
of the mantling cover of soil and weathered rock was removed by the ice
sheets, and the underlying bedrock surfaces were subjected to glacial
abrasion and scauring.

One or more layers of till or other glacial debris was
deposited on this modified surface by the advancing ice. Later, as the
ice melted, waterborne drift accumulated between, among, and over
residual ice blocks, and settled in the bvesins of temporary glacial lakes.
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Pre-glacial drainage petterns changed &s many of the ancient pre-glacial
valleys were blocked or filled with sediment and the streams, having
been diverted from their original channels, developed new courses.

After the glacial ice had receded, the land mass began to
rebound exposing some of the newiv-deposited materials to further
erosion. During and following this period, sea level fluctuated with
the strand line first retreatineg and then re-advancing. Along the shores

glacial sands were shaped intc dunes by the wind, open waters were filled
with sediments and on these a marsh system evolved.

Larndward, the large zlacial lakes were drained to the sea
through successively lower alevaticn outlets. PRivers and streams became
established in new courses and chamnels, and glacial-derived sediments
were commonly reworked and redeposited as aslluvium. Poorly drained
upland areas and old lake bottans, along with scme of the deeper kettle
holes in outwash areas, became partially filled with organic detritus.

2. (Glacial Deposits

With the exception of local deposits of Tertiary clays and
silts and sands along the south shore and the islands, all the various
unconsolidated surficial materials in the study area are of Pleistocene
or recent age. Several different types, grouped by lithologic character

and mode of origin, are present in the area.
Glacial Till

Tiil is the most widespread unconsolidated sediment. It
consists for the most part of unsorted clayey or silty sands and gravels
which commonly contain many boulders and cobbles. Till deposits generally
average less than 20 feet in thickness and are deeper in the low land
areas and thinner towards the top of rock cored hills. Thicker deposits
are found in the several drumlins which are found in this area. No
distinction is made between the sc-called "slder" and "younger" tills
which have been the subject of much debate. All till in the study area
is mapped as one unit.

Glaciofluvial - Glaciolacustrine Deposits

Coarse grained stratified drift deposits are mapped and
discussed together. Although the outwash and ice contact deposits may
differ significantly in their origins and/or final topographic forms,
they are similar in physical characteristies. Most often these deposits
consist of sands ovr sand and gravel with minor amounts of silt and/or clay
(less than 10%). Thay are usually stratified and moderate to well sorted.
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Large guantities of these materials are Tound among deltaic
deposits whi:h accumulated in temporary glacial lakes, in outwash plains
and as kames deposited on and next tc the wasting ire.

The materials mepped and described as laxe bottom deposits
are limited to those finer graired materials that originally accumulated
on the floors of temporary glacial lakes. ‘They are most commonly seen
today in valley floors and in level piain-like aress sucii as near Hanscom
Field in BRedford.

The materisls referred to as lake bottom deposits ace
primarily silts and/or sandy silts. Varve clays are reported rom the
Nashua and Sudbury Valleys, and tc lesser extent elsewhere in tae srea.

Glaciomarine Deposits

Blue-gray silty clays are found along coeastal sectious of
the study area. They are nmost orten described as late-glacial and oo
glacial age marine devocsits. The occurrence of this clay well above
nodern s=a level elevations indicates landward submergence during the
time of its deposition,

-
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Sands and silty sands, oi'ten associated with the giaciomarine
clays described above, are mapped together with recent dure saads and
beach sands. For the most part, the recent beach sands zlong the Atlantic
coast have been derived rom glacial materials,

3. Recent Deposits

Marine Organic Deposits

Recent aye marine organic silts are found in coustal lowland
regions, as for example in the large salt marsh behind Plum Island and
the marshes along the North and South Rivers near Duxbury end Scitusate.
These devosits are commonly related Lo fluctuations in sea level as
were cited sbove.

“regh Water Orranic Deposgits

Fresh water swamp accumitations throughout the area consist
of peat and other decomposed organic matter interbedded in placesx with
sands and silts. They arc most extensive in valleys and low-lands
where they overlie lake botitom depositsg alluvium, or oulvash.  dlsevhere
they occur locally in ketiles, or “n poorly drained uplard reoek basins
and depressions in the ground noraine. The swemp deposits are generally
thin in upland locations, bpuv 1n several lowland areas are ‘wicwn to

exceed fifty feet.
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River Terrsce and Alluvium Deposits
L

Much ¢f' the material vicked up, transycrted, and depcsited
by streams in the study area has been derived from glaczial deposits.
Come of this meterial was deposited in vost.pglacial times along river
courses that are now abandoned or rartiglly abandoned. River terraces
and other festures that renresen® these clder stream courses are seen
throucshout the area. Alluviul material ranging in size from clay through
coarse gravel and cobbles 1s currently being derosited by streams in
their channels and along flocd vlains.

S, Ground Water ZJeolcgy

1. Supply

Average vrecipitation in the study area ranges from L2-LO"
per year, well sbove tne national averase of 307, Or the yearly precipita-
ticn falling on the area, about 20-22" are evanorated or transpired,
leaving 22-24" to recharge the ground water rezervoir and provide
runc{f and base flow for surface streams. Thus, the study area as a
whole is provided with an ample sunply of beth surtace and ground water.
Water table levels are relatively shallow ranging from 0 to 50-60 feet
below the surface depending on local topographic and geologic conditions.

2. Aquirer Dlescriptions

Jround water in the study area occurs in three different
subgurface units: bedrock, slacial till, and stratified unconsolidated
devosits. Ground water occurrence devends on vorosity (percentage of
void space) of the units and movement depends on permeability (relative
ease with which the unit can transmit a liquid).

RBedrock

The rocks which underlie the basin are hard and compact.
The frequencv and distribution of fractures (the only significant source
of porosity and pnermeability in these rocks) are highly variable, but
commonly limited to an extent that essentially vrchibits any regular
large scale withdrawal of ground water.

Glacial Till

The porosity of till derosits may erceed 30 nercent, but
permeability is low because of the paor sorting and hich silt and clay
content. These relatively *thin deposits »nrovide limited ground water
storage potential, and the 1o lateral vevmeability resulic in slow ground
water movement., Onlv limited amounts of water may be withdrawn from till.
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Stratirie”

Lueonsclidated Deposits

Stratified depcsite ccor
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the early vart of the
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growing season.
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IV, CSOURCE MATERTAL

2. DBedrock Geology Maps

e avallable literature

Massachusetts dates back to the early nineteenth ceniury.
more extensive and exacting mapping
began in the early twentieth century with the publication i
the Geology of Massachusetts and Rhods Island by E. K.
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in 1917 of

Fmerson

Th2re have been no other
bedrock of the entire study area,
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file), U. 8. Jeological Survey 3ul
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tations of the age, sequence, structure,
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lurped together by ansther writer.
studies have identified
the vedrock units.
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in the study area are now considered to be
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B. Surficial Geology Maps

The sources of available information from which the surficial
geology maps were prepared include: U.S. Geological Survey Quadrangle
Maps (GQ Series); Surficial Geology Maps in U.S. Geclogical Survey and
Massachusetts DPW Bulletins; Surficial Geology Maps and "materials"”
maps in U.S. Geological Survey Water Supply Papers; Soil Maps in U.S.
Department of Agriculture Publications and U.S. Geological Survey
Topozraphic Maps (7-1/2 Minute quadrangles). Where applicable, information
derived from studies other than described above were incorporated.
These included open file reports and The Geography and Geology of the
Region Including Cape Cod, the Elizabeth Islands, Nantucket, Martha's

Vineyard, No Man's ILand, and Block Island by J.B. Wocdworth and E. '
Wigglesworth.

When available, the maps of the U.S.G.S. Bulletins, Quadrangle q
Reports and Open File Reports were regarded as the most accurate (
description of the surficial deposits and were, therefore, used without
alteration. The maps contained in the Woodworth and Wigglesworth ¢

publication were used to describe those areas of the Cape and the Islands

where no U,S,G,S. maps were available. Lastly, where no other source of
information was available, the soils of Eastern Massachusetts were grouped

together into categories determined by the type of surficial sediment

which they most likely overlie. Then, using the various county soils

maps and U.S.G.S. topographic maps (for swamp and marsh determination)

the surficial deposits were plotted on the base map. (

C. Ground Water Geology Maps

Sources of information used in compiling the ground water geology
maps of the study area consisted of maps and descriptive material included
in: (a) ground water favorability studies by the U.S. Geological Survey
and the Massachusetts Water Resources Commission; (b) U.S. Geological
Survey Hydrologic Investigations Atlases; and {c) U.S. Geological Survey
Open File Reports. Ground water data on file at the Ground Water Branch
of the U.S. Geological Survey in Boston, Massachusetts and included in
Massachusetts Basic Data Reports was also used.

D. 1Index Maps

Listings of the specific maps and other source materials used
for the various subdivision of the study area are given on the index maps
immediately following this section of the report. Sheets I-1, I-2 and 1
I-3 show the bedrock, surficial and ground water source material used to
compile the Merrimack Basin part of the study and sheets EMB ; EMS
and EMW  list the respective source materials used in the Eastern Massachusetts
portion of the study.




V. SNPLANATION CF LEGSEND AND MAPPTING PROCEDURES

A.  Badrock

Considering all the available information, 4 partiel map
illustrating the distribution and extent of rock
workers oould be prepared. (Or, on the other hand, a comniate map shovwing
the loczation and occurrence of rock units for the entire study area could
be taken from the early study by ¥merson in 1917. I% would be impossible
to completely reconcile the two contrasting series of data and yet
maintain the meanirg and intent of either. We have chosen the latter
course cf action, that being to use Emerson’s work as the bhasis for our
mappin:s.  ils bedrock units within the study area have been divided inte
two groups: (1) Igneous Rocks, and (2) Sedimentary and Meta-Cedimentary
Rocks. Within these groups, Tmersoiu's descriptions and rames have
been used for the variocus rock units he identified ard mapped. More
recent iInformation has been added to the maps whenever it was sufficlently
extensive so as to provide continuity among the mapped units. Tthese
data include new names applied to some o7 Emerson's unnamed rormavicns,
additioral rock units idenvified by mocdern workers in certain areas, and
regrouped or "lumped’ rock units thai today are thought tu be similar in
composition, age and structural rolationships.

The bedrock beneatnh the area southeast of a line roughly parallel
to, and approximately 15 miles northwest of, the Cape Cocd Canal including
the Care itself, Martha's Vineyard, Nantucket and the smaller islands of
Nantucket Sound is overlain by such thick surficial dencsits that Tow
wells have encountered bedrock. Tor this reason, little is xrnown about
the nature of the underlying rock. Where wells have penetrated the
overlying cover and have reached bedrock, they have been plotted and the
depth to bedrock (in feet below sea level) has been recorded. Interpreta-
tion of the cuttings has been recordsd on the map Tor those wells for
vwnalch there was available data. Otherwise, this area, which appears on
sheet rMB-3 has been shown with contour lines indicating depth to bedrock
in feet below sea level. These contours were largely taken from the
seismic gtudy of Cape Cod and the Islands published by R.N. Oldale in
106G. They have, however, been re-drawn where shown to be inaccurate

near the presently existing well sites.

W/

oo

The several source materials used in the praparavion ol the
surficial maps varied both in the manner and the intenw Tor which they
were written. In some of the sources, the deposits were classiTied on
lithology alone, in others the classification tended to be based on
morohological characteristics (e.7. kame terraces and outwash plains) and
in still others the classification was more genetic gueh as varlous leke
stages or formational units. For nurposes of this repsrt, a classification
system was developed which could iuzoroorate and be oompatitle with all
of the available data.
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The gurficial devcsite ov the area were divided inte tio primary
£roups {(a)} coarse grained "Pi~m~vf and (W) tine srained and/or organic
sediments. This d‘Stlrﬂtlcx, vwhile primarily baced cn grain sice, also
j 1n0ﬁrborates such clogelv-relat.d nropertiez as Jdrv unit weight, water

ontent, nlasticity, :orosity and ~onsciidation.  Fach o the two primary
JYouns was then subdivided into four cateporics <r the bvasis of origin,
T<ble ™ liste *he varicus dencsit clasgilicatisong, the zap symbols
assirned Yor each, scme comments regarding the oricin and lithologic
materials descrivtion o7 each atecory, and a lizt f representative
land Tcrms exhibited by each =f the debosif .

ome of the denosite in the eastern lMascachurettc area are
quite small in area} sice and tiug are 41;‘1*A12 t¢ recosnize on the
mavs of that part of the study . they are assigned '
letter as well as »ictorial o . i1 the eastern
Massachusetts »art or the stuiy alse requlred t"‘ “he {'ire grained and/o
organic soils be subdivided in*c twe categrories rather than the four

caterories used irn the Merrimack study. Areac shown on the maps of the {
eastern Massachusette portion o7 the study zre- by croschatching represent
slaciolacustrine and zlacicmarine firne crained scdiments. The Towmer, !

consisting chiefly of zlacial lake bottom sediments, are further desipnated
by the letter 017 and the iatter, desisnated by ", are the fine grained '
marine deposits of the once offshore marine terraces and plains.

The sclid blacr svmbol renresents the crgaic denosits with the
calt wa*ter corganics distinmuiched frn the T shvater crzanics by the
syrmbols ggg_ani Qof resnecti-rall fince mo of the crganic deposits (
were of Ffreshwater orisin, only those arszas where there may be doubt were
given the aforementicned distinguishins letter zymbils, otherwise
ary sclid blac¥ area 1s it be omnsidered as i lregshweter crganic deposit.
G-onerally, the freshwater depcsits are found in ola lake basins, cutef? j
river meanders, kettle holas c¢r dammed o7f glacial valleys, whereas the
marine organics are Found rneur river meuths, along estuaries and in
tidal flats and marshes. 0

w
(“f‘S

Ve

Cne other tyne o7 depcait cccurs only within the metrovoelitan
Boston area of sheet ¥MI-1 in large el extent tro he mapped. This
is the artificial i1l that has bri4, 0 oaver the »ast three hundred
years, and upon which much of Bosion, Cambridce, and "helsea 1s built.
This artificial fill is renresented by the "patchwor:s quilting” type
syrbol directly below the standard Leecerd on Man HMI-1.

Table 3
aforementionad eight
here was taken fron the moine !
Washinptor, N.0., tn Pegton, Massachmegeotis, “castal g
fmology, 1967, ULT.A.C, Miscellancour fGeoloric i
Cheet 7.

describes “he engsincering anaracterictics of the
rficial sedirenta.  The information shown
ine reodoms o the T rtheast Corridor,

t ain and Surficial

i
i~ations Map 1-514-B,




C. Ground Water 5e0l.ofy

Due to marked differences in availability and content of source
material, the Merrimack and eastern Massachusetts portions of the study
area were treated differently with respect to evaluation of ground water
favorability. 1Index maps I-3 and EMW 1list the source materials and
well illustrate the contrast between the abundance of data available
for the eastern Massachusetis report and the relatively small amcunt
of material which has been completed in the Merrimack Basin. One further
point which will help in the interpretation of the ground water Tavorsbility
categories formulated for both parts of the study area is the fact that
much of the analysis ir the Merrimack area was based on data gatnered
from private small yield wells while yields from municipal and other
large wells made up a large part of the data used to draw up faverability
maps for the eastern Massachusetts area.

Merrimack Basin

With the exception of a ground water favorability map of the
Assabet Basin, little comprehensive data regarding ground water
occurrence in the Merrimack River Rasin in Massachusetts has been
compiled and published. It was necessary, therefore, Io employ the
closely corresponding relationship between the surficial and ground water
geology characteristics evidenced in areas which had been mapped for both
and then extrapolate that relationship in other parts of the basin for
which only the surficial geology is mapped. Complemented by some local
data and some ground water geology maps of adjoining basins, the extrapolation
was used as the means to formulate ground water favorahility maps of
the Merrimack Basin. The patterns shown on the maps must be considered
reconnaissance estimates everywhere except in the Assabet basin.

The same ground water favorability categories used by the U.S.
Ceological Survey in their study of the Assabet Basin were also used
in this study of the entire Massachusetts portion of the Merrimack Basin.
These categories are:

a. Areas where most wells will yleld less than 25 gallons per
minute. The aquifer consists of vpoorly permeable material, chiefly
till and bedrock, but also includes smme areas of sand and gravel, the
saturated thickness of which is generally less than 25 feet. This
category is unfavorable for the development of ground water supplies.
The unfavorable areas are shown in sheet W  as having no pattern other
than surficial geology pattern.

b. Areas where yields from properly constructed wells may
range from 25 to 75 gallons per minute (also includes some areas
whose ground water potential is unknown). In these areas the aquifers
consists of sand and gravel, the saturated thickness of which generally
is greater than 25 feet. This category is favorable for development of
moderate ground water supplies. These areas are shown as a pattern of
closely-spaced stippling over the surficial geological map units.

10
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c. Areas most favorable for the locatior of wells tha* may
yield more than 75 gallons per minute. This unit generally consists of
sand and gravel, the saturated thickness of which is greater than 25
feet. Although yields from wells in these areas may, in places, range
as high as 500 gallons per minute, the most common safe yield from
properly constructed wells is probably in the 100 to 150 gallons per
minute range. This category is favorable for de relopment of moderate
to large volumes of ground water. These areas, which are shown in
sheet W by the large dot stipplings, are considered the least completely
mapped outside the Assabet, particularly along river channels and in
towns where water supply data is not readily available.

et Emm

Fastern Massachusetts

The legend produced for this study of the favorability of ground
water is based on U.S5.G.S. mapping legends which describe the aquifers
and the potential ground water yields that can be expected from those
aquifers in this area. This study defines three categories of aquifers
and the expected yields to be obtained from them. The three categories 4
are:

PRRIOr U ORI,

a. Favorable for development of moderate to large volumes of t
ground water; saturated thickness generally larger than Lo feet;
generally capable of yielding more than 300 gpm.

e r A

b. TFavorable for development of low tc moderate volumes of
ground water; saturated thickness generally from 20 to 4O feet; generally
capable of yields from 100 to 300 gpm.

c. FPFavorable for development of low volumes of ground water; {
saturated thickness generally less than 20 feet; generally capable of
yields from O to 100 gpm with the lowest yields in till.

This legend should be interpreted as a qualitative description
of ground water favorabilities. Not all the areas have quantitative
data in the form of actual well yields.

VI, CONCLUSIONS

A report of the geology of eastern Massachusetts was compiled from
existing literature. This study is a summary of two more detailed
studies which deal with: (a) the geology of the Massachusetts portion
of the Merrimack Basin and (b) the geology of Massachusetts east of
longitude 71°, 52', 30" W, excluding the Merrimack Racin. These reports
are on file at the U.S. Army Corps cf Engineers, NED, Waltham, Massachusetts.
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The bedrock, surficial and ground water geology of the study area
is discussed along with the source material from which this information
was derived. Maps illustrating the bedrock, surficial and ground water
geology for the Merrimack and eastern Massachusetts portions of the study
were prepared and printed with this report.

Index maps showing the various specific references used for various
locations within the study area are included in this summary along with
a selected bibliography listing published and unpublished source material.
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BOSTON HARBOR - EASTERN MASSACHUSETTS
METROPOLITAN AREA WASTE WATER
MANAGEMENT STUDY

UNITED STATES ARMY CORPS OF ENGINEERS
NEW ENGLAND DIVISION WALTHAM, MASS.

A SUMMARY OF AVAILABLE INFORMATION
SHOWING THE FAVORABILITY OF GROUND-
WATER IN EASTERN MASSACHUSETTS

WHITMAN 8 HOWARD INC.
ENGINEERS 8 ARCHITECTS  BOSTON, MASS.

SHEET EMW-3

LEGEND

SYMBOL AQUIFER DESCRIPTION

FAVORABLE FOR DEVELOPMENT OF MODERATE
H TO LARGE VOLUMES OF GROUNDWATER , SATU-
RATED THICKNESS GENERALLY LARGER THAN
40 FEET, GENERALLY CAPABLE OF YIELDING
MORE THAN 300 GPW

AVORABLE FOR DEVELOUPMENT OF LOW TO
MODERATE VOLUMES OF GROUNDWAYER , SATU-
RATED THICKNESS GENFRALIY FROM 20 TO
40 FEET , GENERALLY CAPABLE OF YIELDS
FROM 100 TQ 300 GPMW

FAVORABLE FOR DEVELZPMENT OF LOW VOLUMES
OF GAOUNDWATER , SATURATED THICKNESS
GENERALLY LESS THAN 20 FEET, GENERALLY
CAPABLE OF YIELDS FROM O TO I1I00GPM
WiTWw THE LOWEST YIELDS IN TiLL
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